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By Henry S.

Light aluminum alloys of the.,..,

TIHS TYPE..

Rawdon.

.,

durslumin

OF C(MROSIO~.. .
..

..

type, that is, high-

strength wrought @loys whose properties can be improved decid-., .—.. . ... . . ..,
edly by heat treatment are of ~ery great importance, especially,! ., .. . .... ,’.. ... . .“ ,... -=-
in the .forrnof sheet and tubes. for aircraft construction.

.+he.. ,
.., ..,. . . . .,, .,-..,

permanence of.such,materials when efiosed to
,.. . ..’ ,.. .. .,..

. .
corrosive condi- “ .-

. .
should be kno&, ~
. . . . . .. ... . . . —:
precautionary me-a8- .-—.: .“1”-.. . -.,

tions sucp as,mm,ayobtainin aircraft service.. ...“..”... ........ ”.:...... ..,,......’~.”
howe,yer,with a high degree of certainty and,,,,..,.,.. ....“. . .. ...-----J.. “,,..--.,,.. .-- ...:”.’.,..’
ures taken,to guard against sny possible serious deterioration “’.. . . ..... .. ,., ....,,. , -=-.. .
in service. T,oobtain,relia~>e information;bong this l~n; a~’” ““”:. . .. ,.’ . . . ‘..,,
investigation, the results of which fo;m the basis o“f’this se~ies

.—

,.,,., .. ....’....”.:.. .:,,,. ,i,,,
af.reports (Reference 1), has bee; “carriedout at the Bureau-of.,. :.,.., ... ,,.”. ,. .., .,. . ,:
Standards in cooperation with the Nat~onsJ.Advisory Committee -. ..- .. ..

for Aerona~tics, Bureau of Aeronautics of the Navy L)e~ar”tment,‘..,:

and Army Air Corps. The leading manufacturers have &so par+ic-. ...
ipated in the investigation by furnishing practicably sll of“the

.,
materj.alsneeded. The investigation, which was started,, ,.,.
latter part of 1925, is still in progress and final &d.

answers have not been reached on all points concerning,,
.

,-

in the-
.

complete —

the perma-

—
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nence of dural.umin”inservice. The information which has been

obtained, however, is of very considerable value to both manu-,

facturers and users of–aircraft and its publication at this time
,.

would seem tO be warranted”aIth6u&hp6ssibly some of the State-
.

ments ikde may be modified slightly in the light of future re-

sults. ‘“”
1. Introduction

In the preceding report of this series, the deteriorating

effect of intercrystalline corrosion upon the tensile proper-

ties of sheet duralumin was described and it was shown by meams

of accelerated,corrosion tests that the duralumin type of alloy

is, in &eneraJ.,subject to this form of deterioration. Although

some of the different heat-treatable aluminum alloys are much

more susceptible to the intercrystalline form of corrosion than

others, ‘thecomposition of the alloy does not appe~ to be the

single controlling factor. Brief reference was also made to

the fact that duralumin obtained from different sources frequent-

ly varied very considerably in susceptibility to intercrystalllne,,

corrosion. Mention was also made to the effect that, with the

same material, the corrosion resistance appeared to vary accord-

ing to its previous treatment, particularly its heat treatment.

The outstanding characteristic of duxal.uminand the one which .

underlies its usefulness as a high-strength light alloy, iS. .

the fact that its mechanical.propertie6 can be very materially

improved by heat treatment. It is of decided importance, there-

.—
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fore, to know whether or not the unsatisfacto~y behavior of

dural.uminunder coxrosive conditions is, in.any way, related-to.

or determined by the heat treatment methqds .Usedfor developing

the hi@-strengt~ properties ofthemater$al...,.

..In~his.repor~,,the dependence .of;thq,susceptibility Of “’
.

sheet duzalumin to intercrysts2,1ineoozrosion~.upoti:thetreatment

which the.materi@_:hasreceived isTdiscuss.cd;,:;.Thematerials

used and the methods are.simil+r to t,h.os.e.~esm?ibed iq the pre-*

.towhich,refe.renceshouldbe made for details. ‘.vious report> ,..
. . . . . ..’

. II’.““Principles””ofHeat Treatment of Al~in~ Alloys
,.,..’ ..

? ,. :...“

The term ~lheattreatment! isus,ed Qer@.in,a slightly limit-

ed sense to.refer onl.y.to the,,series,ofthermaloperations by..

whioh.the hardness and strength properties of,the material =e’ -. . .

inczeasedp Essentisl.lythis treatment co.nsist.s.intwo p“azts:.. .. .

first, heating t,~e~qterial at a,suffi,c,$-ezrb.ly high kemperatume

and for a sufficiently long period tqpermi.t,the struct.~~

constituents resulting from the pre~ence of the alloying ele-

ments (Cu, Si, Mg) to’be absorbed,in ,solidsolution by the slu-

minum-rich matrix, followed by r.~i.d.OOO1ing,in,order to main-

tain this structural conditi~n at room.tempe~.ature;second, an

aging,of the quenched matpri~ whereby~he hzaxlness;andstr~ng~h,.+
are very materially .increase$leA pyecipZ*,at$9nof %healloying

* constituents ,from the solzdvsolqtion~form i,ntod~scretepsXti-

cles still of submicroscopic dimensions, however, is quite gen–



4
N.A.C,A. Technical Note’No. 284

,

erally believed by metallurgists to constitute the IImechanism’f

of aging. In’dural.umin,aging takes place at room temperature

and begins sootiafter the materi&l.has been quenched”. In some

of the related high-strength light aluminum alloys, however,

heating is necess~ in order to brin~’about the full strength-

ening effect of aging. This is termed “accelerated aging.l~

The:fabri’cat”ionof any llbuilt-upl~structure of any of’the

high-strength ali.uninumalloys must of necessity be”done on the

relatively soft’rntiteriaif any fdtming operations axe rewired,

Whenever possible”,it is preferable to carry’out the heat treat- ._

ment on the assembled structure. Often this is,not pxact$cable, ‘

in which case, the forming operations must be done after the m_a-
?

teri-alhas been quenched but before the”h~dening (aging) proc-

ess has adtiancedto’by pronounced extent. ‘An:y“formingopera-

tionof:the heat-treated :materis.lwould’ constitute”a cold work-

ing nf.the ‘alloy’5n’d.,reasoning by analogy from our knowledge

of the”,effectof’~aold”workingon the corrodibility of iron and

steel, such a“condition would be regaxded as undesirable.as .
,...

judged by its effects upon the c~rrosion of tlie material. ‘

In this inv&stigation the eff~c~ 6f”the”cold working of the ‘-””

material on its behavior when corroded Was observed by corroding .-,.
tension specimens which hadbeen perm&helitlystretched an arbi-

,,.
trarily determined amount, the:stretching being cai’riedout at _ ~ -

progressively longer int&?&l.4tiof ti”me”~ollowing‘thequenching

of the matexisl. Some addition’hltestg ’were carried out on spec- -

:,. . . .
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i.~enswhich had been deformed either by cold rolling,
..

4 bending,

or crimping. In the study of the effect of the heat-treatment

factors upon the susceptibility of duralumin to corrosion, par-

tic~ar attention wqs paid to the following: (1) The effect of

temperature andduration of heating’prior to quenching; (2) The

effect of the quenchi~~’medium; (3) The effect of accelerated

aging and heating after aging.

In

tion of

111, Effect of Cold Working

considering the possible interrelation of the deforma–

sheet d.ural~in by cold working and the rate of corro-

sion, one is interested, first of all,

the susceptibility to intercrystalline

worked heat-treated sheet duralumin is

in determining whether

c?rrosive attack of cold-

greater than that of plain ..

heat-treated material.and, if so, how the cold forming of such

material should be carried out with respect to the heat treatment

operations.

In ~i=~re 1 are s~~~i~ed

caxried out by the intermittent

the res-its of corrosion tests

repeated-immersion nethod on

tension bars of commercially heat-treated sheet dursl.uminwhich

had been cold-worked by permanently stretching the b~s before

subjecting them to corrosion. (The composition of the material

is the same as that given in the previous report, Table II.)

In determining the magnitude of the effect of cold working upon

corrodibility, comp~ison should, of course, always be made with

the material as cold-worked, but before oarrosion, instead of

with the material in its initial state, since cold deformation
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results in a raising oi the ulti~.latetensile strength and a low- .-=—:-n—
ering of t’heunit elon~ation. In numerous cases, the tensile .-

a

= the stretched bars after cozrosion was Sreater %h&nstrength o.,, *..S

that of the initial unstretched,materiel. Likewise, if allow- -

ante iu made for the drop in the elongation whic$ resulted from
. . . .

cold woxking> it will be seen that the change in this property,

which resulted from corrosion, is muc”h-lessthan might be w.~wmed

from casual inspection.. The results obtained with speciineils

l,/hichwere deformed in the cold by bending them either trenD-

versely or longitudinally along the .cen.tralaxis (followed by.— ——,

straightening in both.cases) axe in gen_eralaccord with those.- .-

lor the stretched bars? However, since the change in the proper-
.

ties of,the material locelly, that is, along the line of the bend,
. .-—

is unknown, a close comparison cannot be macie. It might be ex-

pected in these cases that, as a result of microscopic

formed along the line of bending~ the ,corrosivcattack

most severe in such portions. No distinct evidence of

noted, however,

fissures.—

would be

this was-.—

On the whole, the results obtained by corroding specinen~

which had been deformed (cold] by stretching them a known azcunt,

measured in each case on the 2-inch gm.ge len@h (Fig. 1) incli-.-— :

cate that.heat-treated sheet duraluw~inwhich has been deformed—-——

cold corrodes at_a somewhat fastez rate than sinilex materiil
—

which ha~ not been strained in this men.ner. The difference in .

the behavior, however, is not great enough to justify the conclu--,.

.-.
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sion that cold-working,.i~ the fundamental cause of the intercrys-

talline corrosion of duralum~n and this condition should there-
,,

fore, be regarded as a contributory-factor, only.

The results obtained with tension bars which were stretchedJ...?.--.1,,,.... .,.

a definite amount within a known period after being quenched

serve to confirm this conclusion. The aging processby which

duralumin becomes stronger and h~der begins very shortly after

the maieriil.has be,enquenched and continues at a slowly dimin-

i,~hingrate for several,daYs* .A~roximately full strength is at-
. .

tained after 72 hours~ aging. This is show by Figure 2, which.
●

gives the stress required in order to stretch a specimen 2 per

T cent in length. Such-a dia..ramdemonstrates more strikingly the

advantage of carrying out all forming operations immediately af-

ter quenching than does the one,ususlly given which shows the

ch~ge in hardness occurring during ,agiqg. @ will be seen from

the results of Figure.3, permanent stretching of sheet d~~~in

by an ~amountof 2.per cent (measued on a central 2-inch gauge

length), does not appreciably affect the corrosion behavior of

the material.,provided that the stretc~ing is done within 24

hours after the material has been quenched. Bszs stretched 72

hours after being quenched gave indications of a somewhat greater

susceptibility to corrosion. Even in these cases, however, the
.

. results, for the corrosive condition used, were not at all sug-

--

.-

.—

.—

gestive that the corrosive attack had been very greatly acceler-
0

‘ated by deforriiingthe sheet in,this mkrmer~
;.

-.
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TJ.1. Variables

c

9
.?

..-

:

1. ~ffect u f Temipe~ature md Du.r”afionof Heati~
Prior to Quenching

.,

In the heat treatment of .duraltiriin,the ‘blloyis usuallY heat-

ed at a temperature slightly above 500°C (530”03’):and quenched from “-

this temperat~.e. In the lat”est.recommendations-forthe heat

treatment of slumi.,numall,oys(Reference 2), a temperate” range of -

495-515°d (9Z5.960°F) with a preferred ternpera,tur~of 510°C (950°

1?) is’given for the dural.umincomposition. In””orderto show what

effect the temperature at which diiralwninis heated and the du.ra- .-

tion of heating at that temperature’prior to quenching may have

upon the susceptibility of the heat-”trea.t-edalloy to intercrys-
;

talline corrosi,cm,specimens were heated & a temperature well .-

above that at which co~wlete volubility of the copPer constituent . .

is attained, and a“similar set at a t~mptiraturesomewhat below

this point. At the tine this investigation was “started;the most

reliable information as to the temperature at which volubility

of the copper constituent is complete’was that given by Archer

and Jeffries (Reference 3); who

of the copper constitue~t”i.nan

per may be expected to occur at

showed that complete volubility —

alloy containing 4 per cent cop-

approxinately 460GC. Accordingly,

a temperature of 505°C (50.0-510°),.Was &06en as representative of

one well above.the volubility point, olso incidentally as reprc- - ‘-

sentattve of.current heat tr~trnent practice, and a temperate 6

of 425°C as being well bplow the point of oofiple:tevolubility.
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b
,,,.~na very c(arefullyconducted ,investigationon very pure mate-. . .

., ~ials, Dix (Reference 4) has recently shown, however, that com-

plete volubility of the copper constituent in a 4 per cent Cu-,..

Al alloy is not &ttained mtil B temperature only slightly be-

low 500@G iq reached. , , ,.

The specimens of the 14-gauge sheet used wer~of the.ssme

composition as g~yen in the previoqs repor$ (Table 1) and-we=

considered to be xcpresenta.tive,of the,product

crating xlanufacturers (Amd $)- ‘The hcat,ing

higher tempe~ature ranged from 15 minutes to ,8. .

Of the tWO COOp-

periods for the

hours; for the

●

lower temperature, 1 t.o8 hours. The tensile properties of the

heat-trea.tc~natcri.~.(quenched in cold.~ater and aged at room*

. temperature) befoxe corrosion and after,40 dpyst attack by a

colcium chloride solution are summarized in ,Fi~”e 40

These results show definitely that 425°C i.stoo low a quench-,.

ing temperature to cievelopfully the properties of duralumin by
,,

aging. For the sheet materiel heat-treated at the higher temper- .——

ature, no practical advantage would appear to be gained by pro-

longing the heating period ~uch beyond 15 minutes. Specimens

heated for a very long tirce(5 to 8 hours) showed a somewhat

lower tensile strength than those heated for a very much shorter

time, presumably because of the increased grain size occurring
,.

during the long heating periods. In addition to uniformly lower
“ .—

tensile properties shown by the inaterialquenched at 425°C, ‘ -.
w

these specimens also snowed a lower corrosion resistance which
.,.., . ,.
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,
.-,

,
in the case of the A mat-eri~, was decidedJy lower. In gene??al,

the resul.ts.obtainedfor the corroded specimens indicated no pro- —

nounced or significant differences which could be attributed to
.

the different heating periods used, aside from a slightly great-

er corrosion-resist~ce shown by the material heated for the

longest periods. This difference, however, was not great enough

to warrantcmsideration of it as a practicable means for in-

creasing the corrosion resistance of dural.u.min.It--maybe con- :
eluded from these tests, therefore, that provided the material

is ‘ffullyheat-treatedilby being quenched from a temperature well____

above that at which solution of the alloy constituents is at-
●

t~ined, the corrosion resistance is not mate~i~ly improved by )“

holding the material.for a relatively long time at this temper-

ature prior to qtienching. ~~ —- —

2* Effect of Quenching Medium

\

It is very generally recognized

ties of heat-treated sileetduralumin

less of the quenching medium used in

that the mechanical.proper-

are quite rmiform, legard-

carrying out the heat tiea~- -.—

ments The re’suitssummarized in Figure 5 are in good agreement

with previously published data by other investigators, and show

no wide variations in the tensile properties of 14-gauge sheet .—

duralumin aged after being quenched in v~ious media, ranging

from boiling water at one extreme to ice water at the other~ .

The properties in each”case axe Of the s~e oxt+erof im~n~tud-e
#—

and are well above-the mini,mm values often specified for such
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b
material (55,000-60,000 lb./sq.in. ultimate tensile strength, 18$
,. . . .

.’

elongation in 2 in.). The difference in the susceptibility of
,..:..

this ’miteritifi”to&rtercrystalline corrosion after being heat-
... .. ..;r,,.,,,

treate~ in”fhe”different”w~ys indicated is”not nearly so well
.,,.. ...

knofi, howb~e~. At the time.this investigatio~ was started &Li~ost

1. . . .!

no’inforfiafionon’’thepoint was c,vaila.ble.‘ Kne2r (Reference 5)
,, .,.,,,

had previously mefi~ioned‘[thatthere was some evide~ce that the
.’*.. . ..

resistcnctito corrosiotiis improved by quenciing in cold watert[
,, ,.

and had cited-in support of thib, a few”ob”servationsmade on neat-

treated sheet specimens which had been exposed for 30 days in the
. .

* salt (NaCl) spray test. The materials which’had been quenched in

boili~~ water and in oil (~O°F)”were graded as showing only
● ,-

‘~slightcorrosion‘1but more th~. that of siuilar material.quenched

in cold water (60°F) *hich showed ‘[veryslight corrosion.” That

this observation was considered of ac~.demicinterest rather than

as having any practical significance is evidenced by the fact
..
that in describ~~g the various high-strength aluminum alloys and

. .
the methods for treating them, Archer and Jeffries (Reference 3)

staked, three years’later, that ‘litis common to quench them in ._

hot water;!i ‘Hot-water”quenchinghas’been followed rather exten-

sively as a comnerci~ practice and its advantage strongly emph~ ._

sized (Reference 6), especially when fused ”saltbaths (nitrutes)

are used’a.sthe me&s for heating the alloy prior to quenching,.

since the adhering salt film is much xore readily renoved by the

. hot water than by any other of’the-common quenching media.
..
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,

Duralumin tension specimens which had been heat-treated by

being permitted to age six days at room temperature after being

quenched in vmious ways, were corroded by the intermittent im-

mersion method previously described. The following quenching

methods were used: boiling water; oil (HoughtonIs No. 2) at

29°C (84°F); water, 25°C (77*F); 15 pex cent sodium chloride

brine, 2~°C (80°F); ice water, 2°C (35°F); and a water ‘press-

ure spray’!(50–pound pressure from a series of orifices sur-

rounding the specimen), (The sodium-chloride brine was used on- =

ly for experimental purposes, because of its high Ilquenching
:+

properties!!as sh~wn with steel, and is not recommended as a

commercial inethodfor aluminum alloys.) The properties of the )

specimens after corrosion are summarized in Fi.&We 5. The great-

er susceptibility to corrosion of the material quenched in hot

water or in oil is very evident, in the change in both the ten-

sile strength and in the elongation. The differences in proper-

ties, after corrosion, of the spec$menq quenched in water at

room temperature as compared with those quenched more drastic-

ally me, on the whole, not pronounced enough to warrant a recom- .

mendation for the exclusive use of the one in preference to the

other. The microstructure of the corroded specimens clearly

shows, even more strikingly than do the tension tests, the dif-

ference in the nature of the corrosive attack following the dif- -

ferent quenchiilgtreatineilts.This is shown in Figure 6. :,
The B dura,l.uminreceived in the oil-quenched and aged con-. .....
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dition and quite susceptible to intercrystalline corrosion as

received, due to the slow cooling rate in quenching, was made

equally resistant with the cold-water quenched A materisl by

re-treatment and cold-water quenching. The more pronounced sus-

ceptibility of hot-water-quenched duralumin sheet to intercrys–

talline corrcsive attack by chloride solutions, as compared with

that of cold-water-quenched material, would appe= to be estab-

lished beyond all question and as such, has been recognized in

the most recent recommendations,for the heat treatment of this

class of material (Reference 3). Mat&rid which has been quench--

ed in ccld water is net to be considered, however, as being com-

pletely resistant to sll corrosive attack. The familiar pitting

type of attack still occurred to some extent for such materisl

when it was corroded by the accelerated corrosion test method.

Very thin sheet duralumin (for example, .008 inch) which —

has been quenched in cold water frequently, shows a corrosion

resistance which is no better than that of the same material.

quenched in hot water. This is especially true when the treat-

ment is carried out on rather small pieces. Even when the mate-

rial is transferred from the fused nitrate heating bath to the -.

cold water with as little delay as possible, the heat-treated .-

sheet is not very different in its corrosion resistance from the
●

hot-water-quenched sheet. Both are quite susceptible to inter-

●
crystalline corrosion. The shielding cf the surface by the ad- .-

hering nitrate film as the materisl enters the cold water, is
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responsible for mch of

.,

the effect.

.,,

—

Even with some of the alloys, the full aging of which can
,, ..:

only be accomplished at on elevated temperature, mch as the
.,

al~Oy Of COPP~r and aluminum (25S), the rate of quenching m.yy

h~ve a very decided effect upcn the susceptibility of the
,..

.,.I ... .::.... ...
quenched material.to corrosion as may be seen by the re~ults,,

in.Figure ~. The Spcciiflensof the r;ateri~cl25S, which were
.-,

quenched c.ta slower rate,”
,,

by &i& oil md hot w“ater,showed”
:.,

lower ,resistanceto cozrosion th~~nthose quenc~~d ~~orerap-i~y

by the use of cqld water. It will be yecn from the discussion
,. . ,. .. .

in the next section, that t-ireuse of a nediu& having a rclative-
. .

,, ,..,, —,,. .. . ,,.. -.
ly -S.1OWqu,e,nching?ate approximates acg_elera.tcdaging to some,...’. ... . . .. .:.
extmnt in ibs results. Hence, ‘the alloy 25S quenched in hot

wat~, when corro~cd behaves in a somewhat similez manner to the
.

talloyaged at an el.evatcdtemperature, although the hot–w~.ter
. .

trea.tment,is,not sufficient to”develop.fuily the strength prop-

erties of the ma.teri?.l.On the other bond the alloy 51S (Mg-

Si-Al~al~.oy),when quenched in hot water, did not show the
.

marked difference in its corrosion-rewistancc from that quenched
,,

in cold water,as did the CU-A1 alloy. Irithis case, hot-wa.tcr
,’

quenching resulted in practically no a_~ingof the naterial since.... .

a h+gher te~flppro,tuxe,amda much ’longer”pe”riodis required for
,- ,..

$he.rlloy, 51S.

3. Accelcrat~d Aging and Heating after &ui& “ .- —

oIn dwalumin, the age-hti.deningprocess occurs nOrm,~lY,?-t

,
—.
.-

,

———
—

—

.-
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s room temperatures rnd, although this chage may be accelerated

by using an elevated temperature, the need for accelerated sging

of this material very seldom arisea. For the other high-strength

aluminum alloys, however.,accelerated aging is ordinarily nec-’-

ess~y in.order to.develop the highest mechanical properties.

Some results included in the previous report indicated that

these materials which had been aged at an elevated temperature

showed more propensity toward intercrystalline corrosion than

when aged at room temper,atuxe=.In order to sh”owthis effect

more definitely the -tests,the results of which are summarized

● in Figure 8, -werecarried out. ,.

Tension specimens of the duralumin composition wer”equenched
●

in ice water from a temperature of 500°C. Some m’ereaged imiie-

diately at ,lCO°C(24 hours), others at 200°C ‘(4hours) and a

third set illowed to age at room temperature.. The tension tests

of the bars.aft’ercorrosion showed a very marked difference in

the susceptibility towardcorrosion’of the matemial aged at

200°C as compcaxed“withthat aged in”the normal manner. Accord-

ing to.the tension tests the material @cd. at 100°C, showed no

marked difference in its.corrosion”behavior fro-mthat aged at

room temperature. The microstructure of the corroded bars, how-

ever, showed definitely,that the propensity to intercrystalline

attack, for the aging treatments used, increased”,”asthe aging
.

temperature was raised.

. This effect of accelerc.tedaging on the susceptibility to

--—

.—-..

—

—

intercrystalline corrosion is much iIIOrCstriki~~ly shown by the



16
N,A.C.A. Technical Note No. 284 ~

,.

results of tension tests of corroded specimens of the CU-A1 and

Mg-Si-Al ,typeof alloy (25S and 51S, respectively), full age-

hardening of wh,ich,c~no.tbe accomplished at room temperature.

It will be seen (Fig. 7) that not”until the heating had been

continued long enough to result in a considerable degree of Me.
.
haxdening, as.shown by the increase in tensile strength, was

there any pronounced change in the behavior of the material

when corroded. Both of these

after quenching in cold wate”r

cry~talline attack but such a

—
●

—

..

alloys aged-at room temperature

were highly-resistant to inter-

treatment does not confer upon the

materisl the high-tensile properties which accelerated aging *.+

does. (It will be noticed that none of these materiala was ful-

ly resistant in corrosion by the accelerated corrosion test-used;
I

corrosion of the ordinoy type, pitting, often was quite fieverg_ ~

and obscured to s,omeextent the effect of the intercryst~line

attack. Microscopic examination was necessary in order to make

certain as to the character of the corrosive attack.)

Duralumin in the quenched-and-aged condition is”very seldom
. .

heated intention&l.ly. This may occur, however, incident.elto

some coating operations and in welding. The tests summarized in =

Figure 8 were for the purpose”of throwin~ light on this point as

well as for supplementing the tests on accelerated aging. The .-

results show that-the corrosion resistance of heat-treated dural-

umin is very much decreased by subsequent heating of the materisl.
*

Microscopic examination of the corroded material showed that for ,,
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the tlh.reetemperatures used, 135°C,”200°C, and 28!5°C, the’intei-

crystalline attack was most pronounced in the materiti.heated a%

135°C (Fig. 9). The intercrystalllne attack decreased as the re-

heating temperature was rtised above 135°C, the intercrystalline

corrosive attack

slight,.although

of the materiel

the pitting was

.’

heated at 285°C being relative~y

quite pronounced. ,,’,

4. Metallographic Aspects of Heat-Treated S~eet WrsJ.um@

Microscopic exa’mi.nationfailed to show,.even~at high magni-

fications, any structural features which .coul.dbe considered as
?

being characteristic of sheet duralumin which.hadbeen quench+d :

, in hot water as contrasted with the structure of the:same fiate~’”:

risl whichhad been quen”ched:incold vvat’er”.Likewise, X-ray e+

aminations, by the.Laue method, Of d.UrSIUmi~s’beetheat-treated

in these two ways showed”onl.yrelatively sl.igh.tdifferences be- :

tweenthe.two. ,’,?ithoutdoubt the difference in”the””corrosion’“

behavior of sheet duralumin after these two’”fortisof heat treat-

ment is ,tobe attributed to structuxa.1.featw-es“ofa submicro-

scopic ch~acter. The”case of the increase in the volubility’ “

in acid of hardened steel ~pon tempering, a change ordinarily .-

described as;,beinga function of the size of the precipitated

(submicroscopic) carbide p~ticles, may ke citedias an analogous

* one. .,, ..
In order to show the nature of the structural chnge which..,,.

* is believed to underlie the aging of duralumin,

that the aging process be accentuated. usually

—

i.t is necessary

this is done by
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prolonging the accelerated aging,treatment or by reheating the ‘

alloy after it has been aged at room temperature. By such a.. .

treatmei~tthe particles ot the hardening constituents.become --

large epo,yghto be seen wi.th.themicroscope. In Figure 10 axe

given t~lerm@.anslysis cqrves (inve~:e-rate.method) of asam-.

ple of commercial heat-trea.t-edduralumin sheet. It will be seen.

that two heat evolutions are shown by the heating curve, at 200”
.

C and 270°’Capproximately,’the”exact nature of which is still in

question but.which are undoubtedly rela.t.mltothe nge-hardening _

process. ...Thecooling.curve Jndtcates,

havior of -thealloy. Tne wd.cro,graphs

turd appearmce .of.duraluminheat-ed,

nothing unusu@. in the be- ~

of Figure 9 show the strut- ‘

aft.eraging, a.ttemper~ ,

tures of 135, 200 and 285° C respectively, $hesetemperatures

being chosen by reference to the heating curve, together with

the structure of the material after accelerated.corroston in the

laboratory. It will be seen from these micrographs that, as the

material was heated, the aluminum-rich matrix changed in ‘chUac-

ter by the appearance of small p~ticleq,of the haldening con-

stituents ,dissemin?ted.throughoutit.. This appe~ance beceme —

more pronounced as the heating was continued and the tendency . ..l_

toward localization of the particles cm the grain boundaries be–

came moze.”marked; This preferential ~~@.esccnce q.f,tge.p~ti-

cles on the grain bound,axies,is most probably to be as~ociaatid #_

with”the intercryst~line form of-corrosion which”occur~ in this

material. However,’it is evident that the relation between these “

,
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v two phenomena,i.s,no,ta,simple one, since the tendency to inter-. ,-

crystalline corrosion was found to be most.m~ked in specimens., .:

heated at 135°C in which materi~ the grain boundary pattern was _

e’xti”ie?aelyslight w~ieteasspGcimens”’(285°C) in Whicilthis’pattern

“was most markedly developed showed “amuch”
,,

dency toward an intercrystal line attack.

Iv, su?m@2’y

1.“ The results

Iy that the tendency

summarized in this

of sheet dur~~in

less pzoncunced ten-

report show ‘conclusive-

and t“herelated high-

P strength al~flinumalloys to corrode in”ar’intercr’ystallineman–

ner is intimately related to the method of heat treatment used*
. ..

for the material.

2. The heat treatment of materials of this type

production of high-strength properties is caried out,,

for’the

in two

stages which,are more or less dis~inct, according to the alloy.

The material.is first heated at.a temperature sufficiently high ._,.-

and for a sufficiently lo~peri.od to permit the.alloy constit- .

uents to be taken into solid solution ‘oythe aluminum-rich ma-.

trix and th,e~quenched to maintain this condition at room temper-

ature. The quenched alloy is t-henwed ,l~~,>ch,in the case of

duraluiiin,:tdces placeat r~om tempera$uy.e~,In some of the re-,.,,-.,.

lated high-strength.~umiu~ sJloys, however, the aging must be4 ,. .. ..

done at an elevated tenp,erature,-.By aging.,the material,becomes

. harder md str;~nge~,which result is believed to be brought about

●
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.

by the precipitation of submicroscopic particles of the alloy

constituents throughout the al~inum-rich rnatrix~

3. Cold d.ef.crmation,orforming operations on sheet dural-

umin.,if not done upon the aznnealedmaterial, should be carried

out on the quenched ma$erial before aging has progressed very

far. This is largely in order to facilitate the forming oPera-

tions, however, and not primarily ~ok increasing the corrosion

resistance. The tendency toward intercrystalline corrosive at-

tack of fully aged sheet duralumim, which has been cold-worked,

is somewhat greater than that of the unworked heat-treated mater-

ial. Bnt this factor is of somewhat minor importance, as con-

pared with others which influence the corrosion behavior of..

Bheet duralumiq, in this respect.. J -,

4* Provided the temperature at which duxalumin is heated,

prior to quenching, is well above that at which solution of the

- ..-

.=

<-
-=

alloy constituents by the matrix is attained, no Practic~ ~-

vantage i~ gained, so far as the corrosion resistance of the ma-

terisl is concerned, by the use of very long heating periods.

For 14-gauge sheet, heated at 500°C, a heating period of 15 ?nin-

utes in a fused nitrate bath gave essentially the same results

as were obtained b; using periods several times as long as this.

If the temperature is somewhat below that at which complete ~ ~

solubili.tyof the &lloy constituents”is aitaincd, the mate~ial.

will not be “fully heat-treatbdl[

w

and the corrosion resistance
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will be’relatively Iowi By longer “heatirig~eriods, this condi-

tion is”i@rotied somewhat but such’.materisll.”willnot.be the

equal of that quenched from a higher temperature.,.. .,. .,... . ... . . .“

!5. The”rate at whichsheet. dwid.umin.is .qhenched-prior to

aging, that ik; the quenching medium

fluence on its susceptibility toward

Sheet aaterid. quenched in hot water

usedj”has a!prcmunced .in-

intercry’sta,l.line.corrosion.

shows a very much greater

tendency toyard intercrystalline attack than the same aaterisl

after being quenched in cold water. Oil-quenched materih lies.. .-

*. interinediqtebetween the other two in its corrosion behaviors

The static strength properties of sheet dural.umin quenched in,..
●

. .

different media do not differ materially, however. Hence, the

tensile md related properties cannot be used as”a criterion of ,
,.. .. ,.

,the corrosion resistance of such material. However, with v&y

thin sheet duralumin, the beneficial effect on corrosion resis-
.,.

tance of cold water quenching is not ordinarily apparent,’
..

.
6. Sheet dural.uminand.related high-streggth aluminum sl- .—

10YS which, after quenching, have been age-hardened at ~ elevat- ._

ed temperature show, in accelerated corrosion tests, a much more

pronounced tendency toward intercrystal.linecorrosion than does..,. . .
the quenched material before heating. The strength properties

# after aging, of course, are

certain alloys which do not
●

.
bility of quenched-and-wed

superior to those before aging in

age l{spontaneously.[l The’suscepti-

duralumin sheet to intercrysta,llh’e’
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.,. .

corrosion is incr,ea~cdby heating the heat-treated material - a
., ,“ .

condition which may occur incident~ to some coatin~ operations.

7. Sheet durdumin which has been heat-treated so as.to

possess high rcsist~ce to intercrystalline corrosion is not nec-
.“

.
essarily “corrosion proof.!’ In accelerated corrosion tests the. .
more famili~~ or pitting.type of corrosion often occurs in such.

material. ,

“8: Microscopic and”x-ray ex~inations’ have’.failedto show

anY msxked and consist~t difference in ‘structurewhich cam .be

c~nsideled as characteristic of the difference~ resulting from
,

th’eyduench~ngof”sh”ket.’duxall.uminin hot ’water:and in ‘cold wa,t,erj

respectivcl~. The differ’efic-e”-incorrosion behavior of the mate-

ri.a,l.in,these two conditions.is.mostproperly to be attributed

*O submicroscopic structi&Sl differences.-”As yet, no sure mesns

for distinguishing between th~se two conditionfi,other than an

accelerated corrosion test has”beeriibund. ‘

9; The conclusions summarized”:~boveas to the:effect of the

variables of heat treatment of sheet~-d.br~u.~inupon its susccpti-

bilify “towardintererystal.].ine corrosion h~~vebeen based upon

acc.elera.tedcorrGsion test~ i’nthe 1~.bcmatory. Weather e~osure

teStS of similar aatez’itis“arenowili pr~gress fGr the purpose

of obtaining deiifiiteinfor&a~~&n ol~the bchaviGr under condit~OnS

more ne~~~y cohparab~e witli‘tho~eof”service,

.. .,
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x
These exposure tests, so far as they have progressed, con–

firm the accelerated tests in the laboratory, in indicating that —

there is little hope of preventing intercrystal.lineattack

the high-str-engthaluminum alloy slieetmateris3.by control

composition or avoidance of the common impurities by using

of”

of

spe-

.ci.allypure metals. However, all.of these tests do indicate —

that much can be done by using a rapid coolant in quenching (that

‘ is’,cold water) and avoiding the use of those slloys for which

‘accelerated“aging’i&neoessary “fordeveloping their high-strength

properties in highest degree. While the differences in the r“ate

+ of attack may not appear very great in the plotted results of the

accelerated tests, in actual service, as simulated,by weather,
●

exposure tests, the useful life of hot water quenched dural.umin

sheet may be measured in months whereas that of similar mater.isl

quenched in cold water is a matter of yeztcs. .

.This control of the rate of quenchiqg and the avoidance of

accelerated aging by heating are the only means, so far found, of

modifying

line form

should be

the.material

of corrosiv-e

adopted even

only reduce, this form

need for protection of

itself so as to minimize the intercrys.ta3-

attack. 1$ is so simple a means that it

though it msy not completely prevent, but

of corrosive attack. By so doing, the

the surface, which subject is discussed in

the next of this series of notes, is thereby made less urgent;.’

in brief, one should endeavor to depend as little as possible
*

upon the surface coating applied, regardless of the kir$iused.

-—
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